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ACCUMULATOR FUEL SYSTEM 

The present invention relates to an accumulator fuel system use in an internal 
combustion engine; and in particular to an accumulator fiiel system in the form of 
5 a common rail fuel system. 

Accumulator-type fuel systems have an accumulator fixel volume for receiving 
fuel at high pressure and for delivering high pressure fuel to at least one of the 
injectors of the engine. Such systems are often referred to as common rail fiiel 

10 systems and provide advantages for compression ignition internal combustion 
engines due to their flexibility and adaptability to engines of different type.^ 
Additionally, the pump requirement of the engine may be satisfied using just one 
high pressure fiiel pump for supplying the common rail fuel volume, as opposed 
to an individual pump being required for each injector. The drive torque for 

15 common rail systems is also relatively low due to the ability to store energy 
within the rail fiiel volume. 

It is a disadvantage of common rail fiiel systems that the common rail housing 
defining the rail volume occupies a large accommodation space within the 
20 engine. The rail housing is typically a forged part formed from steel and often 
must have relatively thick walls to withstand the high fiiel pressures inside. The 
rail housing is therefore a relatively heavy and costly feature of the engine. 

It is an object of the present invention to provide an accumulator fiiel system 
25 which addresses the aforementioned problems. 



According to a first aspect of the invention, there is provided an accumulator fiiel 
system for use in an internal combustion engine having a plurality of engine 
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cylinders, the fuel system including an accumulator fuel volume for supplying 
high pressure fuel to one or more of a plurality of injectors, each of which is 
arranged to deliver fuel to an associated one of the engine cylinders, wherein the 
accumulator fuel volume is integrated within an engine component which 
5 provides a purpose other than that solely of an accumulator fuel volume. 

In one preferred embodiment, the fuel system includes a rocker shaft upon which 
a rocker member is pivotally mounted, wherein the rocker member is arranged to 
control one or more inlet and/or exhaust valves of an associated engine cylinder 
10 and wherein the accumulator volume is integrated within the rocker shaft. 

In other words, the accumulator fuel volume (common rail fuel volume) forms an 
integral part of the rocker shaft as it is defined by an internal volume of the shaft. 
The rocker shaft therefore provides two functions; a shaft for supporting pivotal 
15 movement of a rocker arm and an accumulator fuel volume. 

It is thus an advantage of the invention that an existing engine component (e.g. 
the rocker shaft) defines the common rail fuel volume for high pressure fuel, 
thereby avoiding the need for a separate large and heavy forged common rail 
20 housing. 

It is a further advantage of defining the common rail fuel volume within the 
rocker shaft that the rocker shaft can be mounted conveniently and securely to the 
engine cylinder head and, thus, vibration of the common rail fuel volume, which 
25 is defined with it, is minimised. 

The accumulator fuel system may be of the hybrid unit injector-common rail type, 
in which a high pressure fuel pump supplies fuel to the accumulator volume 
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within the rocker shaft at a first pressure level, and wherein the system also 
includes the plurality of injectors, each injector including an additional pumping 
plunger for pressurising fuel that is supplied from the accumulator fuel volume to 
the injector to a second pressure level higher than the first pressure level. Such 
5 systems provide the advantage that injection can be achieved at one of two levels, 
thereby providing benefits for the injection characteristic. 

Alternatively the accumulator fuel system may be of the type in which a high 
pressure fuel pump supplies fuel to the accumulator fuel volume within the 
10 rocker shaft and delivers fuel to the injectors directly for injection of fuel at rail 
pressure. In this case each injector may include a piezoelectric or electromagnetic 
nozzle control valve for controlling injection, but does not have its own dedicated 
pumping plunger. 

15 In a particularly preferred embodiment, the rocker shaft is provided with a first 
rocker member for controlling one or more engine cylinder inlet valves, a second 
rocker member for controlling one or more engine cylinder exhaust valves and a 
third rocker member for transmitting drive to the pumping plunger of an 
associated injector. 

20 

More preferably, the rocker shaft has a longitudinal axis which is arranged to 
extend substantially perpendicular to a longitudinal axis of a pumping plunger of 
one or more of the injectors. 

25 In another preferred embodiment the cylinder head itself defines the accumulator 
fuel volume. The cylinder head is a conventional part of existing engine 
installations mounted above the combustion chambers and upon which other fuel 
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system components, such as the injectors and the inlet and exhaust valve 
components, are mounted. 

The aforementioned preferred and optional features of the invention may also be 
5 " provided with an engine cylinder head rail volume. 

According to a second aspect of the invention, there is provided an accumulator 
for use in an accumulator fuel system, wherein the accumulator includes a rocker 
shaft or an engine cylinder head having an internal volume which defines the 
10 accumulator fuel volume. 

It will be appreciated, therefore, that the invention is intended to relate to the 
accumulator component of the fuel system itself, as well as to a fuel system 
incorporating an accumulator volume and other fuel system parts. 

15 

The invention will now be described, by way of example only, with reference to 
the accompanying drawings in which: 

Figure 1 is a sectional view of one embodiment of the accumulator fuel system of 
20 the present invention, in the form of a common rail fuel volume defined within an 
engine rocker shaft, and 

Figures 2 and 3 are sectional views to show two alternative locations for the 
common rail fuel volume within the rocker shaft of the fuel system in Figure 1 . 

25 

The accumulator fuel system of the present invention is intended for use as a 
common rail system in which a common source of high pressure fuel is arranged 
to supply fuel to a plurality of injectors of the system. The fuel system may be 
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referred to as a hybrid unit injector-common rail fuel system" and is described in 
detail in our co-pending European patent application, EP 03252188.2. Such 
systems have the flexibility to allow fuel injection into the engine cylinder either 
at rail pressure or at an increased pressure level and therefore provide advantages 
5 for the fuel injection characteristic. 

Referring to Figure 1, the fuel system includes a plurality of injectors (only one of 
which is shown - 10) for receiving high pressure fuel from an accumulator or rail 
volume 12, often referred to as a "common rail". The rail volume 12 is charged 
10 with fuel at a first injectable pressure level, referred to as rail pressure, by means 
of a separate high pressure fuel pump (not shown) and supplies fuel at rail 
pressure to all injectors of the system. Important features of the rail volume 12 
will be described in further detail later. 

15 Each injector 10 includes an injection nozzle, referred to generally as 14, and a 
dedicated pumping element 18. The injection nozzle 14 is mounted within a 
cylinder head 16 of the associated engine. The pumping element 18 includes a 
plunger 20 that is driven, in use, to pressurise fuel within a pump chamber (not 
shown) of the injector. Such injectors 10 are sometimes referred to as unit 

20 injectors and include dedicated electronic spill and nozzle control valves for 
controlling fuel pressurisation and injection. The injector and pump element 
components of a unit injector are arranged in a single unit. 

Internal parts of the injection nozzle are not shown in Figure 1, but it will be 
25 appreciated by those familiar with diesel fuel engine technology that it is by 
controlling movement of an injection nozzle valve needle between open and 
closed states that injection of fuel into the associated engine cylinder is 
controlled. 
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The plunger 20 of each pumping element 18 has an associated return spring 22, 
which biases the respective plunger 20 in an upward direction (in the illustration 
shown) along its longitudinal axis in an outward direction from its pump 

5 chamber. The plunger 20 is driven to move against the spring force (in a 

downward direction along its axis) by means of a cam drive arrangement so as to 
reduce the volume of the pump chamber. The plunger 20 therefore performs a 
pumping cycle including a forward stroke under the drive force of the cam drive, 
between maximum and minimum pump chamber volume, and a return stroke 

10 under the return spring force, between minimum and maximum pump chamber 
volume. In circumstances in which the injector spill valve is closed during the 
plunger forward stroke, movement of the plunger 20 to reduce the volume of the 
pump chamber causes fuel within the pump chamber to be pressurised to a higher 
level. 

15 

The injector incorporates a rail control valve (not shown) so that fuel at rail 
pressure is either (i) delivered to the injection nozzle 14 for injection at rail 
pressure or (ii) further pressurised within the pump chamber due to plunger 
motion to a second, higher pressure level due to motion of the plunger 20. This is 
20 a particular function of a hybrid unit injector-common rail fuel system, which 
permits injection of fuel at two different pressure levels. 

The cam drive arrangement associated with each injector includes a cam member 
24 which is driven by means of an engine driven shaft 27. A roller 28 co-operates 
25 with the surface of the cam 24 as it is driven, in use, and in turn the roller 28 
drives pivotal movement of a rocker member 30, or rocker arm. The rocker arm 
30 is pivotally mounted upon a rocker shaft 32 which has a longitudinal axis 
extending in a direction substantially perpendicular to the longitudinal axis of the 
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plunger 20. The rocker arm 30 is provided an adjuster member 34, the base end 
which is of generally part-circular form and received within a correspondingly 
shaped recess or socket in an intermediate drive member 36. The intermediate 
drive member 36 is coupled to the plunger 20 through a retaining foot 37. 

5 

The adjuster 34 is in screw threaded engagement with the rocker arm 30 and 
provides a means for adjusting the positions of the plunger 20 at minimum and 
maximum pump chamber volume, relative to the angular position of the cam 24. 
A locking nut 38 is provided to retain the adjuster 34 and the rocker arm 30 in 
10 secure fixed connection with one another when the adjuster 34 has been adjusted 
correctly. 

In use, as the cam 24 is driven upon rotation of the engine driven shaft 27, the 
rocker arm 30 is caused to pivot about the rocker shaft 32, thereby imparting 
15 drive to the plunger 20 through the parts 34, 36, and 37. The function of the 
rocker arm 30 is thus to provide a transmission means through which drive is 
imparted to the plunger 20 by the driven cam 24. 

In addition to a rocker arm 30 being provided for each injector pumping element 
20 18, the rocker shaft 32 may also carry at least two further rocker arms. A second 
one of the rocker arms (not shown, but an adjuster 39 of which is just visible in 
Figure 1) is operable to control the operation of one or more inlet valves of the 
associated injector engine cylinder. A third one of the rocker arms (not shown) is 
operable to control the operation of one or more exhaust valves of the associated 
25 injector engine cylinder. Each of the second and third rocker arms has an 

associated cam arrangement, similar to parts 24, 27. The manner in which the 
second and third rocker arms control operation of the inlet and exhaust valves of 
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the engine cylinder is well known and would be familiar to a person skilled in 
diesel engine technology, and so will not be described in further detail here. 

As can be seen in more detail in Figure 2, the rocker shaft 32 is provided with 
5 first and second axially extending passages, 46, 48 respectively, formed by 

drillings through the shaft 32. The first passage 46 defines an oil flow passage for 
lubricating oil for the three rocker arms 30. It is a particular feature of the 
invention that the second passage 48 defines the common rail fuel volume 12, so 
that the rail volume forms an internal volume within the rocker shaft 32. The rail 
10 volume 12 may be provided, preferably at one end, with a rail pressure sensor 
(not shown). The rail pressure sensor provides an output signal indicative of fuel 
pressure within the rail volume 12 and rail pressure may be controlled in response 
to this signal to ensure it is maintained at a substantially constant value. 

15 The rail passage 48 extending through the rocker shaft 32 is arranged to deliver 
fuel to each of the injectors 10 through a fuel supply passage 54. The fuel supply 
passage 54 has a rail-end connector 56 (visible in Figure 2 only) and an injector- 
end connector 58 (visible in Figure 1 only). 

Figure 3 shows alternative locations for the rail passage 48 and the oil passage 46 
within the shaft 32. Although it is known to provide the oil passage 48 through 
the rocker shaft 32 in existing fuel systems, due to the requirement for the 
additional passage 48 to be provided through the rocker shaft 32 to define the rail 
volume 12, the oil passage 46 must be of smaller diameter and displaced off- 
centre from the shaft axis to ensure there is sufficient space available for the 
passage 48. 
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The rocker shaft 32 may also be provided with various oil drillings (not shown) in 
a conventional manner, which permit lubricating oil to be supplied to rocker arm 
bearings and the pumping element 18 of the unit injector 10 from the passage 46. 

5 As it is necessary to provide the rocker shaft 32 in the engine for a purpose other 
than defining the rail volume 12, it is a particular advantage of the present 
invention that there is no requirement for an additional common rail component 
within the fuel system as an existing part of the engine is utilised for this purpose. 
By defining the rail volume 12 within the existing rocker shaft component of the 

10 engine a considerable advantage is obtained in terms of accommodation space. 
The common rail component of a fuel system is also a particularly heavy 
component and so the elimination of this housing part altogether from the engine, 
by defining the rail volume within an already existing component, provides a 
significant weight and cost advantage also. 

15 

The invention is particularly applicable to hybrid unit injector-common rail fuel 
systems, as described previously, where the pressure demands for the rail volume 
are reduced due to the ability of the unit injectors 10 to increase rail pressure to 
higher injection pressures by virtue of their dedicated pumping elements 1 8 and 
20 rail control valves. The rail volume 12 can therefore be defined within a 
component having relatively thin walls, such as the rocker shaft 32. 

The invention is equally applicable, however, to systems where the rail volume 
12 supplies fuel to the injectors but in which there is no additional pumping 
25 element 1 8 in the injectors to increase fuel pressure above rail pressure. The 
invention therefore applies equally to more conventional common rail fuel 
systems in which rocker arms are provided on a rocker shaft 32 for controlling 
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operation of the inlet and/or exhaust valves of the engine cylinders only, but in 
which no third rocker arm (e.g. rocker arm 30) is required. 

The invention is also applicable if the injectors take the form of unit pumps, 
5 which have a dedicated pumping element for increasing fuel pressure above rail 
pressure, but where the associated injector for each pumping element is spaced 
remotely from its pumping element, the pump and injector components being 
connected by a high pressure fuel line. 

10 In another embodiment of the invention, the rocker shaft 32 may be provided 
with a plurality of accumulator volumes, each of which is defined by a separate 
passage and/or internal volume within the shaft 32 and is arranged to supply fuel 
to a different one or more of the injectors of the associated fuel system. 

15 In yet another embodiment of the invention, and as indicated by the dashed 
feature identified by 1 12 in Figure 1, instead of defining the rail volume 12 
within the rocker shaft 32, the rail volume 112 may be defined within the engine 
cylinder head 16. Again, as the rail volume 1 12 is integrally formed within an 
already existing part of the engine, there is no need to provide a separate rail 

20 volume component and, hence, the aforementioned weight and cost advantages 
are obtained. The fuel system of this embodiment may be provided with any of 
the aforementioned types of injector or unit pump. 



